The structures of three neoenactin congeners, designated as neoenactins Bl5 B2 and M2 were elucidated by *H and 13C NMR and mass spectroscopic studies. Another minor component, neoenactin M1?isolated from the crude mixture, was identified as lipoxamycin. All three newcompoundswere structurally related to neoenactin A. While Bx was proved to be a positional isomer of B2, M2was found to be a dihydro derivative of A. All the compounds were active against yeasts and fungi and potentiated the activities of polyene antifungal antibiotics such as trichomycins A and B and amphotericin B.
The structures of three neoenactin congeners, designated as neoenactins Bl5 B2 and M2 were elucidated by *H and 13C NMR and mass spectroscopic studies. Another minor component, neoenactin M1?isolated from the crude mixture, was identified as lipoxamycin. All three newcompoundswere structurally related to neoenactin A. While Bx was proved to be a positional isomer of B2, M2was found to be a dihydro derivative of A. All the compounds were active against yeasts and fungi and potentiated the activities of polyene antifungal antibiotics such as trichomycins A and B and amphotericin B.
Neoenactin (NE) is an antibiotic complex produced by Streptomyces olivoreticuli
subsp. neoenacticus and potentiates the activities of polyene antifungal antibiotics and antitumor agents such as bleomycins and vincristine1^.
Physico-chemical and biological properties of NE were closely related to those of antibiotic H 646-SY3, later designated as enactin (EN)4). Thus, EN and NE were classified as the enactin group antibiotics. Nishio et al.5) revealed NEto be a mixture of several congeners and separated them into neoenactin A (NE-A), the main component, NE-Bi and NE-B2as their sulfates by reverse-phase HPLC.Wereported6) the structural characterization of NE-Aby XHand 13C NMR and mass spectroscopic studies of the mono-and bis-dinitrophenyl (DNP) derivatives, whereupon NE-Awas proved to be a positional isomer of Iipoxamycin7*8). Recently, we isolated NE-B1? NE-B2 and two additional minor congeners, namely NE-Mj. and NE-M2( Fig. 1) , from the crude mixture of NE by reverse-phase HPLC. However, NE-Mj. was identified as lipoxamycin. The present paper, therefore, deals with isolation, purification, physico-chemical and biological activities and structural identification of NE-Bl9 NE-B2, NE-MXand NE-M2 (Fig. 2 ).
Isolation and Purification The free base of each NEcongener was separated from the crude mixture by preparative HPLC using a YMC-Pack S-343 column (20x250 mm, Yamamura Chem. Lab. Co., Kyoto) and MeOH-0.05 m KH2PO4(17 :8, pH 2.8) as the mobile phase. Further purification was achieved on a Radial Pak Nova Pak C18 cartridge (8 x 100 mm, Waters Assoc, Mass., U.S.A.) using MeOH-0.05 m KH2PO4 (57 :43, pH 2.8) as the mobile phase. Free base of each NEcongener was recovered from the eluate by the following method. The eluate was adjusted to pH 5.6 to 6.0 by the addition of 1 n NaOHand concentrated in vacuo to remove MeOH. The concentrate was then adjusted to pH 8.0 and extracted three times with half-volume batches of CHC13.The aqueous layer was discarded; the extract was washed twice with half-volume batches of water, dried over anhydrous Na2SO4and then evaporated in vacuo to furnish pure NEcongener in the free base form. The NE sulfate was prepared by dissolving the free base in CHC13(2 mg/ml), mixing with an equal volume of 0.1 n H2SO4, and allowing the mixture to stand at 5°C overnight. Filtration gave the crystalline NEsulfate in quantitative yield which was further purified by recrystallization from MeOH.
268
THE JOURNAL OF ANTIBIOTICS MAR. 1987 Physico-chemical Properties The physico-chemical properties of NE congeners are listed in Table 1 . NE-Mi was identified with lipoxamycin by comparison studies (XH NMR, admixture, Rf value on PEI-cellulose TLC and co-elution on HPLC)using authentic sample of lipoxamycin. NE-M2was found to be a newcompound. Positive ion fast atom bombardment(FAB) and electron impact (El) mass spectral data, m/z 387 (M+l)+ led us to modify the molecular formula of NE-Bj. reported in a previous publication^.
The bis-DNP-derivatives, namely DNP-Bi, DNP-B2and DNP-M2were prepared from the respective pure free bases by the method described in the previous paper6). Some of the physico-chemical properties of the bis-DNP-derivatives are presented in Table 2 .
Biological Activity The minimal inhibitory concentrations (MIC) were determined by the agar dilution method. The in vitro antimicrobial activities of all the NEcongeners against a series of yeasts and fungi are Table 1 . Physico-chemical properties of neoenactin congeners. a XHNMR spectra were recorded on Jeol GX400 spectrometer. Assignments are based on two-dimensional correlated spectra and spin decoupling experiments.
* TMS(0 ppm) was used as an internal standard. ** Temperature dependent. Number of protons, multiplicity, coupling constants in Hz and position of protons where necessary are indicated in parenthesis.
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THE JOURNAL OF ANTIBIOTICS MAR. 1987 listed in Table 3 . All of them are almost equally active against a particular microorganism as compared to NE-A. All the NE congeners potentiated the activity of polyene antifungal antibiotics such as trichomycins A and B and amphotericin B when tested by the paper strip cross method5*9) using Candida albicans Yu 1200 as the test microorganism on glucose -nutrient agar.
Structural Elucidation
As in the case of NE-A5), the unstable free bases of NE-B1}NE-B2 and NE-M2were converted to the corresponding stable bis-DNP-derivatives.
XH NMRdata (400 MHz, CDC13) of DNP-BX, DNP-B2 and DNP-M2are listed along with those of DNP-Ain Table 4 . The 13C NMRdata of these derivatives are shown in Table 5 . Structural elucidation of the NE was aided by comparing the XH and 13C NMRdata to the data for DNP-A.
Comparison of the molecular formula, XHand 13C NMRdata of DNP-Bi with those of DNP-A revealed that NE-Bj had similar structure to that of NE-A, consisting of the L-serine and the diketoamine moieties connected to form the hydroxamic acid structure of NE-A, with an extra methyl substituent somewhereon the diketo-amine moiety. The *H NMRdata of DNP-BXsuggested the presence of three /3-methylene groups (d 1.54 ppm, i ?
-C£T2CCO), three a-methylene groups (d 2.40 ppm, -CCi^CO), one non-equivalent methylene (not coupled with /3-methylene protons) adjacent to methyl (d 1.12 ppm,~G£r2CH3), one methyl group adjacent to methine (d 0.85 ppm, -CHC^T3) and one methyl group adjacent to methylene (<5 0.85 ppm, -CH2CHZ).Therefore, one of the two ketone groups, as observed in the 13C NMR, could be placed on C-7, while the second ketonic function should be located between C-12 and C-15 and the extra methyl substituent between C-15 and C-18. Thus, ten structures were theoretically possible for NE-Bl9 not taking chirality of the methine into account. While comparing the two-dimensional (2D) 13C-1H correlation spectra of DNP-BXand DNP-A, high field shifts (7 effect of methyl) were observed for one (C-16, JdG 2.37 ppm) of the three /3-carbons (C-9, C-12 and C-16) with respect to the two ketone groups (C-7 and C-14) and for the terminal methyl group (C-20, Jdc 2.68 ppm) on going from DNP-A to DNP-B1# However no significant change in chemical shifts was observed for a-carbons (C-8, C-13 and C-15) to the ketone groups. On the other hand, substituent effects on 13C chemical shifts over four bonds were generally negligible (< 1 ppm) in aliphatic systems10). Hence the second ketone group was located on C-14, while the extra methyl substituent was on C-18. Additional evidence for this structure of DNP-BXwas accumulated in the low field shifts (a and £ effects of methyl) of C-17 (J §G 7.22 ppm), C-18 (JdG 2.69 ppm), and C-19 (Jde 6.83 ppm) on going from DNP-Ato DNP-B^Chemical shifts of carbons of the diketone chains (C-8 through C-21, except C-14) of DNP-Aand DNP-Bi were calculated using Lindeman-Adams Rulelo>n) and compared to the experimental values as seen in Table 5 . Calculated chemical shifts of C-16, C-17, C-18, C-19 and C-20 were in excellent agreement with those of experimental origin, further supporting the above structural assignment for NE-Bi (Fig. 2) .
NE-B2has the same molecular formula as that of NE-B^The six hydrogen doublet at d 0.75 ppm in the XHNMRof DNP-B2advocated the presence of a gem-dimethyl group in NE-B2, which was further supported by the presence of a two-carbon quartet at d 22.56 ppm in the 13C NMRof DNP-B2. Otherwise, similar XHNMRspectra of DNP-Aand DNP-B2suggested very similar sturctures for NE-A and NE-B2. Thus, placement of the extra methyl group on C-19 of NE-Agives rise to NE-B2. Low field shifts (a and fi effects of methyl) of C-18 (Jdc 7.14ppm), C-19 (Adc 5.36 ppm) and C-20 (Jdc 8.57 ppm) and high field shifts (j effect of methyl) of C-17 (JdQ 1.9 ppm) on going from DNP-A to DNP-B2confirmed the above assignment. However, position of the second ketone group (C-14) was not unambiguously assigned by the XHNMRdata alone, which could subsequently be located between C-12 and C-14. Calculatedlo~12) spectra of the diketone chains of all the three possible isomers obtained by placing the second carbonyl group on C-12, C-13 and C-14 were found to be very similar (Table 6 ) to the experimental one. Hence, the position of the second ketone group still remained to be determined.
Careful examination of the 13C NMRdata of DNP-A, DNP-BXand DNP-B2 (Table 5 ) revealed that C-l, C-2, C-3 and C-5 through C-14 and the DNPmoieties had essentially the same chemical shifts (within experimental error range) for the above three compounds. Hence, those parts must 272 THE JOURNAL OF ANTIBIOTICS MAR. 1987 have the commonstructure in all of them. As DNP-Aand DNP-Bihave already been proved to contain the ketone group on C-14, therefore, DNP-B2was also suggested to contain the second ketone group at the same position (C-14). The molecular formula of NE-M2was determined from its field desorption mass spectrum (FD-MS), m/z 375 (M+l)+ and high resolution electron impact mass spectrum (HREI-MS), m/z 356 (M-H2O, C19H36N2O4)+ analyses.
Comparison of the 2H NMRdata of DNP-M2with those of DNP-Ashowed that they had almost the same structures except for one of the two ketone groups (C-7 and C-14) of the diketo-amine moiety of NE-Abeing reduced to a secondary alcoholic function in NE-M2. The signal at 3 2.83 ppmin the iH NMRof DNP-M2clearly indicated that the carbonyl at C-7 was intact. Therefore, the second ketone group (C-14) must have been reduced. While comparing 13C NMRdata (Table 5) of DNP-Aand DNP-M2,we observed high field shifts of only two (C-13, J8C 5.29 ppm and C-15, J5C 5.33 ppm) of the three^-carbons (C-8, C-13 and C-15) and low field shifts of only two (C-12, Jde 2.44 ppm and C-.16, Jdc 1.42 ppm) of the three^-carbons (C-9, C-12 and C-16) with respect to the two ketone groups on going from the former to the latter
